Abstract: This paper examined impacts of drought on both physiological and dry matter characteristics of spring maize grown in Liaoning, China in 2016. We compared responses of dry matters of various parts, yield components, leaf photosynthesis, and transpiration to four drought levels: RD (no drought treatment), D1 (drought treatment between the 38th and 65th day after sowing), D2 (drought treatment between the 38th and 79th day after sowing), and D3 (drought treatment between the 53rd and 93rd day after sowing). Results indicate that the long-term drought in either jointing period or tasseling period had a severer impact on the dry matters and yield components than the short-term drought in jointing period. Moreover, the dry matters and the corresponding partitioning coefficients of different parts were distinct. The yield reduction was caused by the decreases of ear length and bald tip ratio during the short-term drought at jointing period, while it was caused by the reductions of ear length, ear diameter, and grain number per spike during the long-term drought in jointing and tasseling periods. Responses of leaf photosynthesis and transpiration to drought were lagging, but reactions of tasseling drought were faster. Leaf photosynthesis and transpiration after a short-term drought in jointing period could recover to an average level but that after the long-term drought in either jointing or tasseling period could not, after irrigation.
Introduction
Drought is one the most significant factors hindering agricultural development and environmental sustainability [1] [2] [3] [4] . Maize is extremely sensitive to drought suffering 20-30% or even higher yields [5] . Northeast China with its cultivated area of six million hectares contributes significantly to food production in China [6] . Northeast China has witnessed frequent and intensified drought since 1990s. It is projected that water scarcity will be dramatically aggravated, which means impacts of drought on spring maize will be further exacerbated [7] . To accurately assess drought-induced decrease of maize production and well-informed farmers with reasonable maize production suggestions, therefore, it is essential to conduct studies on the impacts of drought on spring maize production in Northeast China.
Drought-induced yield reduction is not only related to drought intensity but also determined by the time when drought starts and the period it lasts [8] . Many researchers have examined impacts of drought at specific growth periods on maize production [9] [10] [11] [12] . Drought stress can suppress plant growth at the seedling period, leading to a dramatic reduction in whole plant biomass [13] [14] [15] . Drought emerging later from jointing to milk periods could make considerable differences in maize morphology and yield [16, 17] .
Studies on maize physiological responses to drought stress are important to understand drought-induced maize reduction [18, 19] . Various physiological processes of maize were affected by drought stresses, of which photosynthesis suffered from the most influences [20, 21] . Nevertheless, limited studies have been conducted to examine responses of maize photosynthesis to drought stress. Nielsen et al. [22] found that maize photosynthesis rate increased slightly at the early period of drought stress, while the photosynthesis rate gradually declined with the prolongation of drought stress. Efeoglu et al. [23] pointed out that moderate or severer drought stress would cause chlorophyll of maize to dysfunction, which then restricted photosynthesis of plants. Moreover, when maize suffered from severe drought, photosynthetic capacities of the tasseling period would decrease dramatically, which were worse than those in both milk and jointing periods.
Furthermore, the crop yield is determined by dry matter (DM) accumulation. Specifically, DM partitioning coefficients (DMPC) of root, stem, and leaf are generally used to represent proportions of photosynthetic products transported to these organs. However, drought can affect partitioning coefficients and accumulations of photosynthetic products in different organs, and finally crop yield [23] . Under drought stress, more photosynthetic products will be transported to root systems for water absorption, resulting in a larger root DMPC. Nevertheless, existing plant models have only presented values of DMPCs of distinct parts at distinct periods, without consideration of environmental conditions. Therefore, it needs further studies to assess DMPCs under different degrees of drought stress [24] .
Therefore, the overall goal is to investigate drought and its impacts on physiology and DMs of spring maize. In specific, the objectives of this study are to: (1) examine the responses of biomass production and DMPCs of entire plant, leaf, stalk, ear, and root to different drought severity; (2) investigate the impacts of drought on yield and yield components; and (3) understand the variations of physiological functions under drought. Overall, this study can help researchers and farmers with better understandings of physiological responses of maize to drought stress and physiological performances after irrigation.
Materials and Methods

Experimental Scheme
The experiment was carried out in a drought prone testing site of Jinzhou Agricultural Meteorological Experiment Station (41 • 49 N, 121 • 12 E, altitude: 17 m), Liaoning Province, China in 2016. There were 12 testing blocks with the dimensions of 5 m × 3 m in this experiment. Each block was separated by cement layer to avoid water infiltration. Meanwhile, mobile canopies were used to shelter blocks from natural precipitation, so that different levels of drought stress could be realized via controlling water and irrigation artificially.
The spring maize with the variety name of Dayu 406, was sowed on 23 May 2016, where row spaces were set as 40 cm × 60 cm. Compared with a reference scenario (RD) with enough water supply, three levels of drought stress (D1, D2, and D3) were artificially simulated, with each scenario occupying three plots, respectively. The group of RD was irrigated every seven days with a water amount of 10 mm between third leaf and jointing while irrigating pattern changed every seven days with water amounts of 25 mm from jointing to milk, and every seven days with 10 mm between milk and maturity. Specific time durations corresponding to growth periods are illustrated in Figure 1 . For the drought treatments (as shown in Figure 1 ), D1 was controlled between the 38th and 65th day, covering the early jointing, tasseling, flowering, and early silking periods. D2 was controlled between the 38th and 79th day, covering the early jointing, tasseling, flowering, and middle silking periods. The water supply of D3 was controlled between the 53rd and 93rd day, covering tasseling, flowering, and late silking periods. Watering pattern of all cases is the same with that of RD in the remaining time. The water supply of D3 was controlled between the 53rd and 93rd day, covering tasseling, flowering, and late silking periods. Watering pattern of all cases is the same with that of RD in the remaining time. We further measured the gravimetric water content (%) of soils at the depth of 10 cm, 20 cm, 30 cm, 40 cm, and 50 cm every five to eight days between 1 July and 26 August. The measured gravimetric soil water contents were further converted into soil relative extractable water based on Equation (1) [25] .
where represents the gravimetric soil water contents (%) at the depth of 10 cm, 20 cm, 30 cm, 40 cm, and 50 cm; means the gravimetric soil water contents (%) at wilting point, and is the gravimetric soil water contents (%) at field capacity. The variations of the soil relative extractable water are shown in Figure 2 . Overall, the decreased during water-control period and increased after irrigation. The of all treatments were higher than 0.4 during the measurement period except for the D3. We further measured the gravimetric water content (%) of soils at the depth of 10 cm, 20 cm, 30 cm, 40 cm, and 50 cm every five to eight days between 1 July and 26 August. The measured gravimetric soil water contents were further converted into soil relative extractable water θ r based on Equation (1) [25] .
where θ m represents the gravimetric soil water contents (%) at the depth of 10 cm, 20 cm, 30 cm, 40 cm, and 50 cm; θ wp means the gravimetric soil water contents (%) at wilting point, and θ f c is the gravimetric soil water contents (%) at field capacity. The variations of the soil relative extractable water θ r are shown in Figure 2 . Overall, the θ r decreased during water-control period and increased after irrigation.
The θ r of all treatments were higher than 0.4 during the measurement period except for the D3. 
Treatments and Measurements
Comprehensive measurements were conducted, in which DM, yield component, photosynthesis and SFR (sap flow rate) were examined. Transpiration rate (Tr) over leaves were monitored with a fixed light intensity of 1500 μmol·m −2 ·s −1 at 9:00-11:00 a.m. Measured leaves were top-side fullyexpanded-leaves and ear-leaves before and after the tasseling period. The SFR was measured with Dynagage Flow32 Sap Flow system and Dynagage sensors that could calculate the energy taken away by plant transpiration based on the principle of energy balance. The Dynagage sensors were installed at the second stalk above the ground, where leaf sheaths were ripped and treatments like waterproofing and shading were made before testing. The SFR was recorded automatically every 30 min, after which the daily SFR could be calculated according to the SFR accumulation in a day. Net photosynthetic rate (Pn) was measured by LI-6400 Portable Photosynthesis System on the 7th, 14th, and 20th day after water control, as well as the 7th, 14th, and 20th day after irrigation.
The DMs of different parts were observed every 14 days in dry weight and fresh weight. To obtain the dry weight, all samples were heated in oven at the temperature of 105 ℃ for 30 min and weighed at ambient temperature.
For the DMPC, it is expressed by Equation (2):
where represents the different parts of maize, such as leaf, ear, stalk, and root; is the dry matter of a specific part, g; ∑ is the total dry weight of all parts. In addition, plant height, stalk diameter, leaf number, and leaf age were recorded every seven days. Biomass (i.e., dry weight and fresh weight) of various organs such as stalk, root, ear, and leaf were also measured every 14 days. After harvesting, 12 plants in each group were chosen to examine ear length, ear diameter, ear weight, 100-kernel mass, and predicted yield. 
Comprehensive measurements were conducted, in which DM, yield component, photosynthesis and SFR (sap flow rate) were examined. Transpiration rate (T r ) over leaves were monitored with a fixed light intensity of 1500 µmol·m −2 ·s −1 at 9:00-11:00 a.m. Measured leaves were top-side fully-expanded-leaves and ear-leaves before and after the tasseling period. The SFR was measured with Dynagage Flow32 Sap Flow system and Dynagage sensors that could calculate the energy taken away by plant transpiration based on the principle of energy balance. The Dynagage sensors were installed at the second stalk above the ground, where leaf sheaths were ripped and treatments like water-proofing and shading were made before testing. The SFR was recorded automatically every 30 min, after which the daily SFR could be calculated according to the SFR accumulation in a day. Net photosynthetic rate (P n ) was measured by LI-6400 Portable Photosynthesis System on the 7th, 14th, and 20th day after water control, as well as the 7th, 14th, and 20th day after irrigation.
The DMs of different parts were observed every 14 days in dry weight and fresh weight. To obtain the dry weight, all samples were heated in oven at the temperature of 105 • C for 30 min and weighed at ambient temperature.
where i represents the different parts of maize, such as leaf, ear, stalk, and root; m i is the dry matter of a specific part, g; ∑ m i is the total dry weight of all parts. In addition, plant height, stalk diameter, leaf number, and leaf age were recorded every seven days. Biomass (i.e., dry weight and fresh weight) of various organs such as stalk, root, ear, and leaf were also measured every 14 days. After harvesting, 12 plants in each group were chosen to examine ear length, ear diameter, ear weight, 100-kernel mass, and predicted yield.
Statistical Analysis
The means of DMs, DMPCs, and yield components were separated by the least significant difference (LSD) test at the significance level of 0.05 [26] . These were performed on the platform of SPSS 13.0 [27] 3. Results
Variations of Dry Matters
Figure 3 presents biomass accumulation under different scenarios of drought stress. Overall, DMs of all parts in RD treatment were higher than that in other treatments. When maize underwent the same drought stress (before the 66th day in D1 and D2 cases), the DMs of all parts would be similar. For the drought in early jointing period, it almost generated no impact on the biomass production. After the 66th day, DMs of entire plant, leaf, stalk, and root in D1 case were higher than that in D2. For D3, subjected to drought effects from the 53rd day, its biomass production started to be lower than that in RD. In general, this indicates drought stress slowed down the biomass production and a longer drought duration led to larger reduction in DMs.
In specific, by comparing the maize biomass accumulation in D1, D2, and D3, it is observed that biomass in D3 case was higher than that in D1 and D2 before the 87th day. However, the biomass in D3 was finally lower than that in D1 and just slightly higher than that in D3. This is in close relationship to the different drought patterns in these three scenarios. Although maize suffered from progressive drought after the 53rd day in D3, the biomass kept increasing until the 80th day. In D1 and D2, the biomass could not increase immediately after irrigation, but exhibited a trend of decrease. Based on these, it is found that drought in jointing period exerted slight impacts on biomass production. At the same time, biomass production followed its inherent pattern and responded slowly to the drought or irrigation. From D2, it is also found that the impact of drought after silking period was significant and the biomass production could not recover.
After the 66th day, the DM leaf witnessed the trend of progressive decline in D1, D2 and D3 cases (Figure 3b ). After irrigation, DM leaf in D1 and D2 could not recover immediately until several days later. Therefore, drought in jointing period has a significant impact on leaves, whose biomass can hardly recover after irrigation. DM stalk was subjected to a weaker impact of drought when comparing to DM leaf (Figure 3c ). DM stalks of D1 and D2 were generally the same regardless of irrigation. Meanwhile, DM stalk of D3 had not been influenced by early drought stress until the 80th day. Therefore, drought exerted a direct impact on biomass production of before flowering, after which drought made minor difference to stalk growth. Drought from tasseling to milk periods had significant impacts on ear growth. In D2 and D3, DM ears were only about 60 g, far less than that in RD (Figure 3d ). In D1, the DM ear was same with that of D2 and lower than D3 before middle-silking but started to recover after two-week's irrigation and eventually much higher than that in D2 and D3. This indicates impacts of drought on ear growth occurred in tasseling, flowering and silking periods. DM roots of D1 and D2 were smaller than that of RD (Figure 3e ). DM root in RD reached its peak value at the 66th day in the tasseling period, while the DM root of D3 started to decrease at the 73rd day. The DM root in D1 could reach a peak value approximate to that in RD, but three weeks later than that in RD. In addition, DM root in D2 reached its peak value at the 80th day. Overall, the root growth was delayed by drought, but root could eventually recover to the normal level after long-term irrigation. 
Variations of Dry Matter Partitioning Coefficients
Drought does not only affect the DMs of different parts but also influences their partitioning coefficients, as shown in Figure 4 .
DMPCleaf followed a pattern of decrease and the DMPCleaf was in the order of D2 > D1 > D3 > RD between tasseling and milk periods, indicating that drought made more photosynthetic products allocate to leaves. Before tasseling, there was almost no difference among all DMPCstalk. After silking, the DMPCstalk of D1 and D2 were larger, while that of D1 and D3 witnessed decreasing and increasing trends, respectively. Finally, the DMPCstalk values of D1 and RD were equal, DMPCstalk of D3 kept increasing and that of D2 remained at a prominent level after irrigation. This suggests severer drought led to larger DMPCstalk.
The eventual DMPCear followed the trend of RD > D1 > D2 > D3 on the 94th day, as shown in Figure 4c . For DMPCroot (Figure 4d) , they followed the trend of RD > D3 > D1 > D2 on the 66th day, meaning that DMPCroot decreased as the aggravation of drought stresses. From the 80th to 94th day, 
DMPC leaf followed a pattern of decrease and the DMPC leaf was in the order of D2 > D1 > D3 > RD between tasseling and milk periods, indicating that drought made more photosynthetic products allocate to leaves. Before tasseling, there was almost no difference among all DMPC stalk . After silking, the DMPC stalk of D1 and D2 were larger, while that of D1 and D3 witnessed decreasing and increasing trends, respectively. Finally, the DMPC stalk values of D1 and RD were equal, DMPC stalk of D3 kept increasing and that of D2 remained at a prominent level after irrigation. This suggests severer drought led to larger DMPC stalk .
The eventual DMPC ear followed the trend of RD > D1 > D2 > D3 on the 94th day, as shown in Figure 4c . For DMPC root (Figure 4d) , they followed the trend of RD > D3 > D1 > D2 on the 66th day, meaning that DMPC root decreased as the aggravation of drought stresses. From the 80th to 94th day, DMPC root in RD case was smaller than that in three other drought treatments, while DMPC root in D1 was more substantial. Moreover, DMPC root reached its maximum value in silking period under normal situations, while drought shifted maximum DMPC root to an earlier date. 
Yield Components
The yield components in RD, D1, D3, and D2 generally followed the pattern of decrease with the severity of drought (Table 1) . Maize in D1 underwent a short-term drought, so that the maize ear length and ear diameter were smaller than that in RD. Comparatively, maize in D2 experienced longterm drought from jointing period, hence the ear length and ear diameter were significantly lower than those in other treatments. Drought durations in D2 and D3 were 40 days, so that the ear diameter was somewhat the same, but still slenderer than that of RD and D1. However, drought in D3 was later than that in D2 and ear length of D3 was less influenced, longer than that of D2.
The 100-kernel mass decreased with the pattern of RD, D1, D2, and D3, indicating that grain size decreased along drought duration. Although 100-kernel of D2 was larger than that of D3, D2 grain number per spike was less, resulting in a smaller grain mass per plant. Furthermore, yield reduction rate was calculated based on grain mass per plant. Compared with RD, D1 witnessed a relatively weaker yield reduction of 26%, while both D1 and D3 underwent severer yield reductions of 54% and 47%, respectively. 
The yield components in RD, D1, D3, and D2 generally followed the pattern of decrease with the severity of drought (Table 1) . Maize in D1 underwent a short-term drought, so that the maize ear length and ear diameter were smaller than that in RD. Comparatively, maize in D2 experienced long-term drought from jointing period, hence the ear length and ear diameter were significantly lower than those in other treatments. Drought durations in D2 and D3 were 40 days, so that the ear diameter was somewhat the same, but still slenderer than that of RD and D1. However, drought in D3 was later than that in D2 and ear length of D3 was less influenced, longer than that of D2.
The 100-kernel mass decreased with the pattern of RD, D1, D2, and D3, indicating that grain size decreased along drought duration. Although 100-kernel of D2 was larger than that of D3, D2 grain number per spike was less, resulting in a smaller grain mass per plant. Furthermore, yield reduction rate was calculated based on grain mass per plant. Compared with RD, D1 witnessed a relatively weaker yield reduction of 26%, while both D1 and D3 underwent severer yield reductions of 54% and 47%, respectively. Note: Letters in columns (small letters: a, b, c ) show differences between application rates (Mean ± SD). Mean differences were tested at the significance level of p < 0.05 [28] . Table 2 presents variations of P n (unit: µmol(CO 2 )m −2 ·s −1 ) and T r (unit: mmol(H 2 O)m −2 ·s −1 ) along time duration. On the 57th day, no significant differences could be found between P n in D2 and RD. Along drought time extension, P n in D2 declined sharply, about half of that in RD. The 66th day was a cloudy day when there was no evident difference for P ns among D1, D2, and RD. P n in D2 further reduced to 14.22 on the 72nd day, while P n in D1 was slightly higher because of irrigation from the 66th day. On the 79th day, P n in D2 dropped to its minimum value, because P n value started to rise after irrigation (as indicated by 22.45 on the 86th day in Table 2 ) but could not reach the normal value of 32.44 in RD case. Afterwards, P n decreased as maize was close to maturity. Although P n in D3 was higher than that in D2 on the 79th day, it decreased rapidly because of the drought. Note: Letters in columns (small letters) show differences between application rates (Mean ± SD). Mean differences were tested at the level of p < 0.05 [28] .
Maize Photosynthesis P n
For T r , from the 65th to 72nd day, its value in D2 was obviously smaller than that in RD. The value further dropped to its minimum value on the 79th day, but it rose rapidly after irrigation to 2.093 on 86th day, slightly higher than that of RD. T r of D3 reduced because of drought stress and did not recover after irrigation on the 93rd day.
Sap Flow Rate
The SFR in RD was generally higher than that in other scenarios, with its maximum value of 300 g·h −1 during the tasseling period, as shown in Figure 5b . After irrigation from the 66th day, the daily SFR in D1 was two times higher than that in D2. However, the daily SFR in D1 could not recover to the level in RD. In D2, there was no obvious variation in the SFR before and after irrigation. This means SFR in D2 could not recover from longterm drought stress. The SFR in D3 kept decreasing regardless of the irrigation on the 94th day, illustrating that water absorption capability of root had not recovered. Relationships between daily SFR and active photosynthetic radiation were investigated, as shown in Figure 6 . The relationship was exponential under the condition of normal water supply. Under drought (Figure 6a) , the relationship in D1 turned to be linear (R 2 = 0.8823). The relationships in D2 also followed the linear pattern but had a lower significance compared with that in D1 (R 2 = 0.6043). Moreover, the linear relationships in D3 were less significant (R 2 = 0.0048), meaning that drought stress exerted an intensified effect on SFR. In addition, the decrease in slopes in linear relationships from D1 to D3 also exhibited the impact of drought intensified.
After irrigation, the exponential relationship in D1 recovered, as shown in Figure 6b , while their curve located below that in RD. The linear relationship in D1 recovered to be exponential after irrigation but with lower SFR values (Figure 6d ). The exponential relationship recovered in D3 after irrigation also recovered, as shown in Figure 6f . After irrigation from the 66th day, the daily SFR in D1 was two times higher than that in D2. However, the daily SFR in D1 could not recover to the level in RD. In D2, there was no obvious variation in the SFR before and after irrigation. This means SFR in D2 could not recover from long-term drought stress. The SFR in D3 kept decreasing regardless of the irrigation on the 94th day, illustrating that water absorption capability of root had not recovered. Relationships between daily SFR and active photosynthetic radiation were investigated, as shown in Figure 6 . The relationship was exponential under the condition of normal water supply. Under drought (Figure 6a) , the relationship in D1 turned to be linear (R 2 = 0.8823). The relationships in D2 also followed the linear pattern but had a lower significance compared with that in D1 (R 2 = 0.6043). Moreover, the linear relationships in D3 were less significant (R 2 = 0.0048), meaning that drought stress exerted an intensified effect on SFR. In addition, the decrease in slopes in linear relationships from D1 to D3 also exhibited the impact of drought intensified.
After irrigation, the exponential relationship in D1 recovered, as shown in Figure 6b , while their curve located below that in RD. The linear relationship in D1 recovered to be exponential after irrigation but with lower SFR values (Figure 6d ). The exponential relationship recovered in D3 after irrigation also recovered, as shown in Figure 6f . 
Discussion and Conclusions
Maize has been a significant cereal of many nations, playing important roles in food security. However, its yield is affected by the current global change, especially the temperature increase and the frequent drought disasters. This affirms the values to investigate the physiological and dry matter characteristics of maize under drought stress. The current study indicated that impacts of drought in tasseling period on stalk growth occurred in late reproductive period, which was consistent with leaves' responses [29] . After irrigation, leaves and stalks could not respond immediately, related to the hysteresis of early drought accumulative effects. This further indicated that early drought had a severe influence on them [11, 30] . 
Maize has been a significant cereal of many nations, playing important roles in food security. However, its yield is affected by the current global change, especially the temperature increase and the frequent drought disasters. This affirms the values to investigate the physiological and dry matter characteristics of maize under drought stress. The current study indicated that impacts of drought in tasseling period on stalk growth occurred in late reproductive period, which was consistent with leaves' responses [29] . After irrigation, leaves and stalks could not respond immediately, related to the hysteresis of early drought accumulative effects. This further indicated that early drought had a severe influence on them [11, 30] . Drought in jointing period exerted obvious effects on root growth, namely longer drought was corresponding to lower recovery capabilities. Drought in tasseling period could lead to a rapid decrease of DM root in late reproductive period, which had been evidenced in previous studies [31] . Responses of DM ear to drought were more significantly. In specific, long-term drought from jointing to silking periods caused dramatic reductions in DM ear , compared to the slight reduction under short-term jointing drought. DMPC leaf decreased as the aggravation of drought in early grouting period, as more DMs were transported to leaves to guarantee the photosynthate production in reproductive period [32] . DMPC root increased with the aggravation of drought in late grouting period, possibly because the drought had suppressed DM transportation from roots to ears [33] .
Drought in jointing period caused slight influences on ear length, ear diameter, and 100-kernel mass. Grain number per spike and grain mass per plant decreased significantly, which was the primary reason of maize reduction [34, 35] . Long-term drought from both jointing and tasseling periods could make differences to yield components, in which ear length, ear diameter, 100-kernel mass and grain number per plant were affected at various degrees [36] . The long-term drought in jointing period led to yield reduction through affecting ear length and effective grain number. Under drought in tasseling period, although ear length was longer, the lighter 100-kernal mass should be responsible for the yield reduction [36] .
In addition, P n could not recover to a normal level after irrigation and it did not respond immediately although water supply of maize was controlled, which was in relation to the delayed leaf expansions and recoverable growth of leaves [37] . With the extension of drought period, the delayed responses to drought diminished, meaning resistant capabilities of maize photosynthesis to drought weakened. This was because photosynthetic production of leaves was mostly transported after entering reproductive period, when water consumption capacity was notably greater than that of jointing period [38] . Irrigation after short-term drought stress made P n increase fast and then exceeded the normal level because of compensatory effects [39, 40] . Recovery capability of P n under tasseling drought was weaker than that under jointing drought, indicating the compensatory effects in the jointing drought were much stronger. Responses of T r to drought were roughly the same with that of P n . Irrigation after long-term drought made T r rapidly increase in a short-term and then reduced. However, irrigation after short-term drought could made T r recover to a normal level, verifying that the photosynthesis and transpiration ability of leaves had not been damaged after only a short-term drought during jointing period, while long-term drought caused them to be irreversibly affected [21, 30] . After irrigation, P n could not show short-term compensatory recovery when maize suffered from long-term drought in tasseling period, which meant tasseling drought impacts were much severer than jointing drought impacts.
Besides, SFR is an important variable to represent transpiration rate in the plant scale [41] . The research on SFR is still relatively scant. The maximal SFR observed in control treatment is about 300 g·h −1 which is obviously larger than that in study from Wang et al. [42] for the differences of cropping system, variety and planting area and is approximate to that observed by Yu et al. [43] . Moreover, drought was capable of altering the exponential relationships between daily SFR and active photosynthetic radiation to linear ones, while after irrigation the exponential relationships could recover. The recovered exponential relationship was less significant after long-term jointing drought, compared with that after short-term jointing drought. The drought in tasseling period even eradicated the linear relationship, but the exponential relationship could still recover after irrigation.
In conclusion, a longer and later drought duration led to stronger impacts on maize in biomass production, yield reductions, leaf photosynthesis and plant transpiration rate, where the short-term jointing drought made slight impacts, which could recover after irrigation. Inversely, after long-term drought, the physiological functions and biomass production could not recover. 
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